Eighty-seven cases of cardiac arrest from the first 2000 incidents reported to the Australian Incident Monitoring Study were reviewed. "Cardiac arrest" was taken to include patients who were either pulseless or had electrocardiographic asystole or ventricular fibrillation. Cases were grouped by primary cause-drug administration (19), vagal stimulation (16), hypoventilation (15), bleeding (13), anaphylaxis (6), direct cardiac stimulation (4) and miscellaneous (14). Overall, 20 patients died (23 % of the 87 cases); all of these were in the hypoventilation, bleeding, or miscellaneous groups (4, 9 and 7 patients, respectively). Cardiac compression was performed in 66% of patients; 20% were defibrillated; adrenaline was given to 42% and bicarbonate to 3 %. There was a clear anaesthetic cause for 46% of this series of arrests, and with hindsight, a preventable factor was present in over half (58%) of these. Preventative strategies regarding staffing, equipment, policy and procedures are suggested.
Cardiac arrest during anaesthesia is now so uncommon that most anaesthetists get little experience in its management in the operating theatre. Although simulator training appears to have potential, I it is likely to be beyond the reach of most anaesthetists, at least in the near future. Presentation of case reports pooling the experience of many anaesthetists is recognised to be an effective teaching method. Hence, it was decided to study the first 2000 incidents reported to the Australian Incident Monitoring Study (AIMS) to obtain some objective information about cardiac arrests in current anaesthetic practice.
METHODS
Information about cardiac arrests was extracted from the first 2000 incidents reported to AIMS. AIMS involves the voluntary, anonymous reporting of any unintended incident which reduced, or could have reduced, the safety margin for a patient. Details of the AIMS methods are provided elsewhere in this symposium. 2 All incident reports were studied with the keywords "cardiac arrest" and "severe hypotension". "Cardiac arrest" was taken to include patients who were either pulseless or had asystole or ventricular fibrillation (VF) on the electrocardiograph (ECG). As there is a spectrum of severity of cardiovascular collapse, in some patients it was uncertain whether a cardiac arrest had occurred (e.g., patients who had severe hypotension). Many such patients were managed with fluids and vasopressors and are also included in other papers in this symposium.'" In describing selected incidents, certain identifying details have been changed to guarantee anonymity. Although there is a range of contributing causes of cardiac arrest from 100070 "anaesthetic" to 100070 "surgical" 5.6 or "medical", incidents were grouped according to the most likely major causative factor. Each case was allotted a code indicating the most likely causative factor to enable the reader to locate and cross-refer to details of individual cases.
RESULTS
Of the first 2000 incidents reported, 87 (4070) involved a cardiac arrest. Only 25 incidents were classified as "cardiac arrest" in the paper in this symposium on the role of monitors in patients undergoing general anaesthesia; J however, only those which presented as cardiac arrest in association with general anaesthesia and which required cardiac compression were so classified in that paper. The remainder of the 87 cardiac arrests in this paper is made up of cases which presented in different circumstances (e.g., regional anaesthesia), which presented differently initially (e.g., as bradycardia) and/or Anaesthesia and Illtenslve Care, Vol. 21, No. 5, OCloher, 1993 
FIGURE 1: Cardiac arrests grouped into categories according to the most significant aetiology. Fourteen miscellaneous patients did not fit comfortably into any category. did not receive cardiac compression. Tables 1-7 contain a summary of the details of each case in the seven causative categories.
Causes
The numbers of cardiac arrests in each major causative category are shown in Figure 1 . A firm diagnosis was made of the cause(s) in 97fIJo of cases. In three patients in the miscellaneous group no definite cause could be determined. Multiple factors were present in many of the vagal arrests (autonomic stimuli plus drugs) and miscellaneous arrests (pre-existing medical disease plus anaesthesia). In 46fIJo of the 87 cases the cause was primarily anaesthetic-due to drug administration (19), hypoventilation (12), anaphylaxis (6) or an anaesthesia~related miscellaneous cause (3).
Age
Although it is commonly believed that anaesthetic risk is greater at the extremes of life, the reported ages of patients in this series were spread over the whole range from neonates to the very elderly ( Figure 2 ).
Drugs
Nineteen patients (Table I) arrested primarily from administration of a drug. In two~thirds of these it was Anaesthesia and Intensive Care, Vol. 21, No. 5, October, 1993 a direct drug effect; in the remaining one-third there was a significant interaction with pre-existing disease or drug therapy.
Direct drug effect: Six patients arrested after the administration of suxamethonium. This occurred after the first dose in three patients (D5, D7, DI2) and after a second dose in three. Two of these were unintentional second doses (D9, Dll) and one received an inadequate dose of atropine (Dl3). Cardiac arrest followed an overdose of halothane in three small children (D14, DI5, DI6) and of opioids in one elderly patient (DI). One patient arrested after epidural bupivacaine despite a negative aspiration test (D3). One patient became pulseless after the administration of vancomycin (DI9).
Pre~existing disease or drug therapy: Three patients arrested from hyperkalaemia following suxamethonium. Two had major trauma some weeks previously (D6, D8) and one was acutely paraplegic (DIO). Neostigmine administration resulted in cardiac arrest in three patients. One was receiving atenolol for hypertension (DI 7); one had diabetes mellitus, was septic and received only a small dose of atropine (DI8) and one had chronic renal failure, respiratory failure and cardiac failure and had been administered a bupivacaine nerve block (D2). One patient was thought to have Wolff-Parkinson~White syndrome (D4). 14 12 Cl) .... 10 t:
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Vagal
Sixteen patients had a vagal arrest ( Table 2 ). It is probable that a drug contributed to the arrest in six of these: vecuronium in three (V8, V14, V16); halothane in two (VIO, V12); and a beta-blocker in one (V8). There were 12 different sources of the autonomic stimulus (Table 2a ). The combination of cessation of the surgical stimulus and administration of atropine restored cardiac contractions in almost all patients. Twelve received cardiac compression and none was defibrillated.
Hypoventilation
Fifteen patients arrested from hypoventilation (Table  4 ). Four had residual paralysis (H8, H9, HIO, H14), four had other airway/breathing problems (opioid overdose-HI5, CNS depression and lung disease-H3, inadequately spontaneous ventilation in the lithotomy position-HII, and airway obstruction in the recovery room-HI), three had endotracheal tube problems (disconnection-H4, endobronchial intubation-H5, and dislodgement into the oesophagus-H7), two had inadequate ventilation of the lungs in transit (H6, H13) and two suffered physical damage (pulmonary barotrauma-H2, ruptured trachea-HI2).
Bleeding
Thirteen patients (Table 3) arrested from major blood loss; nine of these died. Seven patients came to theatre already bleeding and four elective patients died from surgical bleeding.
Anaphylaxis
Six patients suffered cardiac arrest from anaphylaxis (Table 5 ); all were given adrenaline (0.1mg-4mg) and all survived intact. Anaphylaxis is dealt with in detail elsewhere in this symposium. 4
Direct Cardiac Stimulation
Four patients (Table 6 ) arrested from direct cardiac stimulation. The contact was with diathermy (Cl), old pacing wires (C2), a Swan-Ganz catheter (C3) and a Seldinger wire (C4).
Miscellaneous
Fourteen patients (Table 7) did not fit into any of the above categories; 10 of these had severe pre-existing disease (M2, M4, M5, M6, M7, M8, M9, MW, M12, MI3). The anaesthetic was the major causative factor in three: inadequate blood volume with combined epidural and general anaesthesia (M1); delay in treatment of ascending spinal block (M8); failure of recognition and treatment of aspiration of stomach contents (Ml1).
Deaths (Figure 3)
Twenty patients in this series died (23070 of the 87 cases). Deaths occurred only in the hypoventilation group (4), the massive bleeding group (9), and the Management of cardiac arrest ( Figure 4 ) miscellaneous group (7), of which many had preexisting medical diseases. It is recognised that survival is a crude way of assessing outcome. However, few details were provided on the reports of cerebral, myocardial or chest complications of the cardiac arrest and resuscitation.
Sixty-six per cent of patients received cardiac compression; 20070 were defibrillated. Atropine appeared to be a vital drug in the management of vagal arrest. Adrenaline was given to 42070 of the patients. Of those where the dose of adrenaline was reported, cardiac massage there appeared to be low-dose and high-dose subgroups ( Figure 5 ); 62070 received a dose of 1 mg or less and the rest received 3-6 mg. Although there are insufficient data to correlate survival with adrenaline dose, many patients did well after a small dose. Only three patients were reported to have received bicarbonate.
DISCUSSION
In 46070 of cases, the cause of the cardiac arrest was primarily anaesthetic; the vagal arrests are not included in this figure. If they are included, the total figure (64070) is comparable with that reported by Olsson 1988 in a prospective series of 250,543 anaesthetics from 1967-84. 7 With hindsight, a preventable factor may have been present in 58070 of the "anaesthetic" arrests in this series. Preventative strategies suggested by this series include:
Staffing • Staff with the appropriate level of trammg and experience should be allocated to, and should remain with, each case (H3, H7, M8, Ml1).
Equipment
• All patients in the operating room should be monitored with an oximeter and a capnograph (H4). • An oximeter should be provided for all patients in the recovery room (H8, H9, HlO, HI5). • The presence and correct function of emergency resuscitation equipment should be checked on a regular basis (H2, H3, C4, MI2). • The patient should be examined and the equipment, leads and connectors checked before any therapeutic intervention for a "straight-line" ECG. Cummins in 1988 showed that in 9070 of such cases the cause was a technical fault (H13).8 • Always examine the patient when warned by a monitoring device before doubting the information presented by the device (V7, D15, HlO).
Policies and Procedures Ventilation:
• Consider assisting or controlling ventilation in patients anaesthetised in the lithotomy position (Hl1). • Use a nerve stimulator in patients with severe systemic disease (H8, H9, HlO, H15) to assess recovery of neuromuscular function, aiming for a sustained contraction using a tetanus stimulus of 50 Hz; the presence of four twitches is inadequate evidence of neuromuscular recovery. • Always monitor the adequacy of ventilation of patients in transit (H6, H13).
The dose of adrenaline was recorded for 21 of the 37 patients to whom it was given. There appeared to be a low-dose and a high-dose group.
• Position unconscious patients on their side and or remain with the patient and support the jaw (HI).
Use and Administration of Drugs:
• Monitor the ECG in all patients receIvmg suxamethonium as even healthy patients may arrest(05, 07, 012).9,10 Beware of suxamethonium in patients with recent CNS disease (06, 08, 010). • Limit the maximum inspired halothane concentration during induction of small children (014, 015, 016).
• Inject a potentially toxic dose of local anaesthetic slowly or in increments during regional blockade; a negative aspiration test does not exclude intravenous placement (03). • Take particular care to confirm the diagnosis before giving a beta-blocker (Hll). • Carefully flush drugs from the dead-space of injection ports or use a no-dead-space technique (09, 013), as two patients arrested from inadvertent administration of residual suxamethonium.
Improved monitoring may intuitively be expected to improve patient outcome; many life-threatening situations were detected by monitors in the first 2000 incidents reported to AIMS. 3 However, Keenan and Boyan in 1988 showed that increased monitoring by oximetry and capnography only reduced the frequency of cardiac arrest of respiratory origin, and that the frequency of cardiac arrest of non-respiratory origin was unaltered. 11 The findings in our study confirm that arrests from hypoxic disasters constitute a minority of those that occur in association with anaesthesia in Australia now that oximetry, capnography and ventilator alarms are in widespread use. Nevertheless, a substantial number of hypoxic incidents (and some deaths) still occur, an anaesthetic cause can be identified in nearly half of all the cardiac arrests, and preventable factors are present in over half of these. It is therefore still of vital importance to identify the factors contributing to hypoxic incidents and to cardiac arrests, and to take steps to eliminate them and/or reduce their impact. 
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